INTRODUCTION
Many fish species live in habitats where the water temperature undergoes considerable seasonal and diurnal fluctuations. Indeed, in some cases, such as in shallow South Texas tide pools (Bennett and Judd, 1992) , seasonal water temperature fluctuations can vary by as much as 40°C. By contrast, water temperature shows only small fluctuations in other habitats such as in circumpolar regions, tropical waters or in the deep sea. Consequently, the thermal tolerance range of fishes varies greatly. Some Cyprinodontiforms, like the pupfish Cyprinodon artifrons, the mosquitofish Gambusia yucatana and the goldspotted killifish Floridichthys carpio, are able to cope with daily temperatures in excess of 40°C (Heath et al., 1993) . By contrast, other species such as Antarctic icefishes (nototheniids) of the genus Trematomus complete their entire life cycles at temperatures just above -1.8°C and are unable to survive at warmer temperatures near 6°C (Somera and DeVries, 1967) .
The body temperature of most fish species depends on the ambient water temperature, as in other ectothermic animals. Because body temperature influences the speed of all metabolic processes, the ambient temperature affects various physiological processes, such as protein expression and binding (Deane and Woo, 2005; Huber and Guderley, 1993) , blood circulation (Aguiar et al., 2002; Lecklin et al., 1995) , respiration (Sollid et al., 2005) , hormonal activity (Fortune, 1958) , the immune system (Le Morvan et al., 1998) and behavior (Cossins et al., 1977; Friedlander et al., 1976; McCormick et al., 2002; Zitek et al., 2004) . In addition, ambient temperature is also known to affect several parameters directly related to reproductive fitness, such as growth (Dembski et al., 2006; Hall and Johnston, 2003) , egg size (Gillet and Quétin, 2006; Kokita, 2003) and life span (Dembski et al., 2006) .
In addition to long-term effects, temperature has also been shown to influence the sensitivity of sensory systems, such as vision (Aho et al., 1993; Reilly and Thompson, 2007) , the vestibulo-ocular reflex
The goal of the current study was to investigate the effects of ambient water temperatures on the functional auditory response of fish by examining changes in auditory evoked potentials (AEPs), with the main focus on a temperate species adapted to tolerate a wide temperature range in its natural environment (i.e. a eurythermal species). Furthermore, we were interested in whether potential changes in auditory function are also influenced by acclimation time to a specific water temperature (unacclimated versus acclimated fish). Finally, we compared a focal species with a taxonomically related species with similar hearing abilities but with a narrower temperature tolerance (i.e. a stenothermal species). We sought to determine if the stenothermal species differed from the eurythermal species in the temperature dependence of their auditory functions. More specifically, we asked whether fish that were well acclimated to a region of wide temperature ranges have specific adaptations to maintain their sensory abilities relative to species that only tolerate a narrow range of temperatures.
We selected two species of catfish, members of the taxonomic group Otophysi, for this study. Catfish, as other otophysans, possess a connection between the swim bladder and the inner ear (Weberian ossicles), which allows them to detect the pressure component of sound and enhances their hearing bandwidth and sensitivity (Poggendorf, 1952) .
Channel catfish Ictalurus punctatus was chosen as a model for a eurythermal species with a large thermal tolerance scope because they are exposed in their area of occurrence to temperatures ranging from near freezing point to over 36°C (Currie et al., 1998; Ju et al., 2002) . The tropical catfish Pimelodus pictus served as a model for a stenothermal fish with lower thermal tolerance. The mean temperatures in its area of occurrence range from 24°C to 29°C (DiazSarmiento and Alvarez-León, 2004 ) and recommended holding temperatures in captivity are 22-25°C (Baensch and Riehl, 1985) . . Ictalurus punctatus were kept in a cylindrical, re-circulating 890 l fiberglass tank, and P. pictus were kept in two 114 l all-glass aquaria. Holding tanks were biologically filtered and aerated. Temperature in the large recirculating tank was maintained with either a Aqua Logic ® Delta Star 5 Chiller (Aqua Logic, Lisle, IL, USA) or a 1000 W heater (Easy Plug EP10T, Apopka, FL, USA) connected to a digital controller. In the glass aquaria, temperature was maintained via commercial submersible aquarium heaters and monitored and controlled daily. Fish were fed daily and maintained at a 12 h:12 h L:D cycle. All experiments were approved by the University of Maryland Institutional Animal Care and Use Committee.
MATERIALS AND METHODS

Study animals
Temperature regime
Prior to experiments, fish were acclimated to the holding conditions at a stable baseline temperature for at least two months before initial measurement of hearing thresholds (baseline). Fig. 1 outlines the sequence of testing and acclimation. Fish were allowed to rest for at least a week after each hearing test and before each subsequent change of the holding water temperature. The temperature of the holding water was changed at a rate of 1°C per day. At each test temperature (except for the original baseline measurements), fish were initially tested immediately after the holding tank reached the new test temperature (unacclimated) and again after at least four weeks of acclimation to this new temperature (acclimated). Measurements of pre-acclimated (baseline) I. punctatus at the initial test temperature of 18°C were performed three different times in order to test whether hearing changes observed at different temperatures were caused by temperature or, instead, reflected potential body mass variations of fish caused by different metabolic rates at the various temperatures or age effects (Fig. 1) .
While all I. punctatus underwent the same temperature changes (over a total period of nine months), P. pictus underwent different temperature regimes in both aquaria, i.e. after the same original baseline temperature (26°C), the temperature in one tank was lowered to 22°C while the temperature in the other tank was elevated to 30°C. After auditory thresholds were measured in unacclimated (except for the 30°C unacclimated animals due to technical difficulties, it was not possible to maintain a sufficiently constant water temperature throughout the whole experiment at this stage) and acclimated fish for both temperatures, the temperature was set back to 26°C in both aquaria. Holding conditions other than temperature were identical for both P. pictus groups.
At each water temperature and acclimation stage, the audiograms of at least eight I. punctatus or five P. pictus individuals were measured. Individual fish could be recognized by the pattern of spots on either their body (I. punctatus) or their caudal fin (P. pictus) throughout the experimental period, and individuals were remeasured several times. However, not all measurements were performed on the same individuals for considerations of animal welfare. Thus, a maximum of five audiogram measurements were performed on one individual fish. The sequence of temperature changes and AEP measurements for both species including data on fish size is summarized in Table 1 .
Auditory threshold determination
The AEP recording protocol closely followed the one described in Wysocki et al. (Wysocki et al., 2007) therefore only a brief description is given here. Fish were mildly immobilized during the hearing tests with an intra-muscular injection of Flaxedil (gallamine triethiodide, Sigma Chemical Co., St Louis, MO, USA) at doses of 1.5±0.05 μg g -1 body mass for I. punctatus and 2.0±0.12 μg g -1 body mass for P. pictus. This dosage allowed the fish to retain slight opercular movements during the experiments without creating significant myogenic noise to interfere with the recordings.
Test subjects were secured in the center of a rectangular plastic tub (51ϫ41 cm; water depth: 25 cm) that had a 4 cm thick layer of fine gravel on the bottom. Fish were restrained in a mesh sling and suspended so that the top of the head was 6cm below the water surface. A pipette was inserted into the mouth and provided water from a simple temperature-controlled, gravity-fed water circulation system. Water temperature during the experiments was controlled and maintained by using ice packs or heaters in the water supply tank and by thermal insulation of the experimental tub. The maximum deviation from the current temperature in the fish holding tanks was ±1°C.
The AEPs were recorded using stainless steel electrodes (Rochester Electro-Medical, Tampa, FL, USA). The recording electrode was placed in the midline of the skull over the medulla region and the reference electrode was placed cranially between the nares. Both electrodes were inserted approximately 2 mm subdermally. All exposed surfaces of the electrode tips that were not in direct contact with the fish were insulated with fingernail polish. A ground electrode was placed in the water.
Sound stimuli presentation and AEP waveform recordings were performed with a modular rack-mount system (TDT System 3, Tucker-Davis Technologies, Gainesville, FL, USA) and TDT BioSig RP Software (Tucker-Davis Technologies). Sounds were created using TDT SigGen RP software and fed through a power amplifier (Alesis RA 150, Cumberland, RI, USA) connected to an underwater speaker (UW-30, University Sound, Burnsville, MN, USA) that was placed centered on the bottom of the plastic tub. Sound stimuli were presented as repeated tone bursts at a rate of 20 per second.
Hearing thresholds were determined at frequencies of 100, 300, 500, 800, 1000, 2000 and 4000 Hz, presented in random order. The duration of sound stimuli was 15 ms for 100 and 300 Hz, 10 ms for 500-1000 Hz and 5 ms for 2000 and 4000 Hz. Rise and fall times were 2 ms for 100-1000 Hz and 1 ms for 2000 and 4000 Hz. All tone bursts were gated using a Blackman window. Absolute sound pressure levels were measured using a hydrophone (10 CT, frequency response: 30 Hz-100 kHz ±3 dB; receiving sensitivity: -211 dB±3 dB re. 1 V/μPa, G.R.A.S., Holte, Denmark) and a Kistler dual-mode amplifier (5010, Amherst, NY, USA) at the position where the fish was placed in the test tub. For each test condition, stimuli were presented at opposite polarities (180-phase shifted), and the corresponding AEP traces were averaged using the Bio-Sig RP software in order to eliminate stimulus artifacts. Up to 1000 responses were averaged for each stimulus level and polarity. Sound pressure levels of tone-burst stimuli were reduced in 4 dB steps until the AEP waveform was no longer apparent. The lowest sound pressure level for which a repeatable AEP trace could be obtained, as determined by overlaying replicate traces, was considered the threshold (Kenyon et al., 1998; Wysocki et al., 2007) .
Sound stimuli were only measured in terms of sound pressure. As otophysan fishes are pressure sensitive (e.g. Poggendorf, 1952; Popper et al., 2003) , we did not attempt to measure particle motion or whether the maximum stimulus to which the fish were exposed was pressure or particle motion. We did not focus on these issues because the question for the current study was a comparison of hearing thresholds at different water temperatures under exactly the same acoustic conditions for all determinations in order to investigate whether there are temperature-related differences (or a lack of such differences) in thresholds. As conditions (besides water temperature) were identical, the results are independent of the complexity of the sound field or of the question of whether AEP thresholds are comparable with behavioral thresholds. 
Statistics
All data sets were tested for normal distribution and homogeneity of variances prior to tests. Because data sets of I. punctatus were not normally distributed and some data sets of P. pictus had small sample sizes, non-parametric tests were applied. Hearing thresholds at each frequency were compared using Kruskal-Wallis tests with the temperature regimen (e.g. pre-acclimated (baseline) at 18°C, unacclimated at 10°C, acclimated at 10°C, etc.) as the factor and hearing thresholds as variables to detect overall differences among temperature-regimen groups. Subsequently, Mann-Whitney U-tests were calculated to investigate which groups differed from each other in detail. All statistical tests were performed using SPSS 12.0 (SPSS, Chicago, IL, USA).
RESULTS
Ictalurus punctatus
Hearing thresholds differed significantly with temperature at each tested frequency among all tested temperatures and acclimation stages (P<0.05 at 100 Hz, P<0.001 at all other frequencies) ( Table 2) . Detailed comparisons at each frequency revealed that the preacclimated (baseline) thresholds to 18°C did not differ significantly from the thresholds of animals re-acclimated after 10°C. For most frequencies, except for 500 Hz (U=3, P=0.001) and 800 Hz (U=0, P<0.001) the pre-acclimated baseline thresholds did not differ significantly from the thresholds of animals re-acclimated after 26°C. Similarly, the thresholds of animals re-acclimated after 10°C did not differ significantly from the thresholds of animals re-acclimated after 26°C, except for 800 Hz (U=10, P=0.021).
The pre-acclimated (baseline) hearing thresholds differed significantly (P<0.05 in all cases) from the acclimated to 10°C as well as from the acclimated to 26°C thresholds at all frequencies, except 100 Hz (P>0.05 in both cases). Thresholds of animals acclimated to 10°C were on average 9 dB higher across the whole frequency range relative to the pre-acclimated (baseline) thresholds to 18°C with a maximum difference at 4000 Hz (Fig. 2) , whereas the thresholds acclimated to 26°C were on average 12 dB lower than baselines, with again the maximum difference (23 dB) at 4000 Hz (Fig. 2) . Similarly, thresholds acclimated to 10°C were significantly higher (mean: 18 dB, maximum difference 36 dB at 4000 Hz) than those acclimated at 26°C except, again, for 100 Hz where thresholds did not differ significantly.
When comparing thresholds at the same temperature, no significant difference was found between animals acclimated to 10°C and unacclimated to 10°C (Fig. 3A) . However, when temperature was raised to 18°C, animals re-acclimated after 10°C showed on average 7 dB lower thresholds (maximum: 13 dB at 4000 Hz) than animals unacclimated after 10°C, which was statistically significant for all frequencies except for 100 Hz (P<0.05) (Fig. 3B) . Similarly, animals acclimated to 26°C had on average 7 dB (maximum: 12 dB at 4000 Hz) lower thresholds than animals unacclimated to 26°C (Fig. 3C) . This was statistically significant for all frequencies (P<0.05) except 100 Hz and 300 Hz. When temperature was lowered back to 18°C, thresholds of animals re-acclimated after 26°C and unacclimated after 26°C did not statistically differ at any frequency, except 100 Hz (P=0.021) (Fig. 3D) .
AEP waveform shapes were highly constant among individuals and were dependent on stimulus parameters (Fig. 4A) . Additionally, the comparison of AEPs to a particular stimulus frequency at different water temperatures showed that the AEPs at 10°C (independent of whether animals were acclimated or not) showed fewer smaller peaks overlaid to the main deflections, were slightly longer and revealed an additional large deflection at some frequencies relative to AEPs at higher water temperatures (Fig. 5) . This was consistently observed in all individuals.
Pimelodus pictus
Hearing thresholds measured in P. pictus significantly differed among all tested temperatures and acclimation stages at select frequencies 500, 800 and 1000 Hz (P<0.05) ( Table 3 ). Thresholds at all other frequencies did not significantly (P>0.05) differ with water temperature. Detailed comparisons showed that the thresholds of animals pre-acclimated (baseline) to 26°C did not differ from animals acclimated at 22°C. However, the thresholds of animals pre-acclimated (baseline) to 26°C significantly differed (P<0.05) from animals acclimated to 30°C at only two frequencies, with a mean decrease in thresholds by 3 dB at 800 Hz and 7 dB at L. E. Wysocki, K. Montey and A. N. Popper Fig. 1 for explanation of different regimens.) Effects of temperature on fish hearing 4000 Hz in the animals acclimated to 30°C. Similarly, the thresholds at 4000 Hz of animals acclimated to 30°C were significantly lower (5 dB) than thresholds of animals acclimated to 22°C (Fig. 6) . Interestingly, the only significant difference between acclimated and unacclimated animals was at 800 Hz (P<0.05) at 26°C in the group that had been previously acclimated to 22°C.
The shapes of AEPs of P. pictus again depended on the stimulus frequency and this was highly consistent between individuals and similar to the data for I. punctatus AEPs (Fig. 4B) . No obvious change of waveform shape was observed as a result of ambient water temperature adjustments.
In summary, the ambient water temperature significantly influenced hearing thresholds and the shape of the AEPs in I. punctatus, especially at higher frequencies. Hearing sensitivity of I. punctatus was lowest at 10°C and increased by up to 36 dB between 10°C and 26°C. Significant differences were also revealed between acclimated and unacclimated animals after an increase in water temperature but not a decrease. By contrast, differences in hearing thresholds were smaller in P. pictus, even if a similar temperature difference (8°C) was considered. However, P. pictus showed a similar trend as I. punctatus in exhibiting higher hearing sensitivity at the highest tested temperature, especially at select high stimulus frequencies tested.
DISCUSSION
Effects of temperature
Water temperature significantly influenced hearing thresholds in I. punctatus and to a lesser degree and only at select high stimulus frequencies in P. pictus. Because growth rates within experimental groups over the course of the study were minimal (see Table 1 ) and the thresholds of the initial baseline acclimation temperature were repeatable after re-acclimation to the same temperature, size effects can be precluded as a cause for the threshold changes. Therefore, the threshold variations can be clearly attributed to the variations in water temperature and acclimation effects. The current finding that thresholds increased (i.e. animals were less sensitive to the sound stimuli) with decreasing water and thus body temperature agrees with data for insects (Franz and Ronacher, 2002; Oldfield, 1988; Pires and Hoy, 1992) , various other ectothermic vertebrates namely amphibians (Carey and Zelick, 1993; Hubl and Schneider, 1978; Long et al., 1996; Mohneke and Schneider, 1979; Walkowiak, 1980) and reptiles (Eatock and Manley, 1981; Wilson et al., 1985) . The data are also similar to those for endothermic mammals when their body temperature was manipulated (Ferber-Viart et al., 1995; Kaga et al., 1979; Khvoles et al., 1998; O'Brien, 1994) . The only previous data available on the influence of temperature on hearing in fish are the study of Dudok van Heel (Dudok van Heel, 1956 ), who observed a broadening of the range of pitch detection with increasing temperature in the European minnow (Phoxinus phoxinus), and a study on goldfish, Carassius auratus, by Fay and Ream (Fay and Ream, 1992) . In the latter study, the investigators observed increased responsiveness and lower thresholds of saccular nerve fibers, along with an upshift of the fiber's best frequency with increasing temperature (Fay and Ream, 1992) . This finding of lower thresholds with increasing temperature matches with the current results.
In I. punctatus, the AEP waveforms were affected by the lowest water temperature. Similarly, Carey and Zelick (Carey and Zelick, 1993) found an influence of temperature on brainstem auditory evoked potentials (BAEPs) in three anuran species accompanying changes in auditory thresholds, with peripheral components of the BAEPs being most affected. The authors interpreted this latter finding as the sensory epithelium being the most-sensitive component of the auditory pathway.
Several studies have shown that temperature affects the physiology of the inner ear and the central auditory pathways (Campbell, 1969; Werner, 1976) as well as the latencies of neural responses (Carey and Zelick, 1993; Mohneke and Schneider, 1979) by influencing transduction processes at the sensory epithelium (Burrows, 1989; Fay and Ream, 1992) , conduction velocities in nerve fibers (Macdonald, 1981) and the speed of the ionic flow through transduction channels in stereocilia of sensory hair cells (Corey and Hudspeth, 1983) . This influence on transduction and conduction speed is particularly interesting with regard to the larger influence of temperature on thresholds at higher frequencies. Based on various audiological studies on several fish species, it has been found that the auditory system, particularly of otophysan fishes (such as both catfish species), is particularly well adapted for temporal processing of acoustic stimuli. It has thus been suggested that fish may use the time rather than the frequency domain for encoding acoustic stimuli and also encode frequency information by temporal locking to the stimuli (Winn, 1967; Fay, 1982) . As a consequence, the encoding of higher frequencies, which would require faster firing of neurons in order to synchronize with the shorter stimulus cycles, may be more susceptible to changes in transduction and refractory periods than that of relatively lower frequencies with longer cycles. This may therefore explain why, in our experiments, thresholds to the highest tested frequencies were more influenced by the water temperature than thresholds to the lower frequency stimuli.
Effects of acclimation
Audiograms of unacclimated and acclimated I. punctatus differed significantly at 26°C and 18°C when they had been previously held at a lower temperature. In both cases, the hearing thresholds of unacclimated animals were higher than after acclimation and showed intermediate values between the previous acclimated thresholds (to an 8°C lower water temperature) and the acclimated thresholds at the same temperature. Carey and Zelick (Carey and Zelick, 1993) described differences in hearing sensitivity between acclimated and unacclimated animals in three anuran species recording BAEPs: animals acclimated to a lower water temperature (14°C) were considerably less sensitive than animals acclimated to a higher temperature (20°C), even when both groups were tested at colder temperatures.
Thermal acclimation of fish is a complex process, accompanied by behavioral resistance adaptation (Cossins et al., 1977) , changes in enzyme activity and protein synthesis, and differential gene expression (Airaksinen et al., 1998; Sidell et al., 1973) . Ju et al. (Ju et al., 2002) systematically studied changes in gene expression in brain tissue from catfish in response to temperature shifts (12°C versus 24°C). Major categories of genes that were differentially expressed included chaperone genes and transcription factors as well as gene products involved in signal transduction pathways, lipid metabolism and translational machinery. Some genes were induced transiently, whereas others were induced in an enduring fashion. Such differences in gene activity may account for variability in the sensitivity of sensory systems observed besides direct 'physical'
L. E. Wysocki, K. Montey and A. N. Popper effects of temperature, especially for differences between unacclimated and acclimated animals at the same temperature. Interestingly, no significant differences between audiograms of unacclimated and acclimated fish were found at temperatures of 10°C and 18°C after previous acclimation to 26°C, i.e. in both cases after 'cold acclimation'. One possible explanation for this observation may be that the fish had not yet been fully acclimated to the colder temperature. Typical acclimation periods used in various studies on fish thermal acclimation are three weeks (Ali et al., 2003; Cossins et al., 1977; Currie et al., 1998; Hermesz et al., 2001; Viant et al., 2003) to one month (Currie et al., 1999; Sollid et al., 2005) . Therefore, we selected an acclimation time of at least four weeks. It has, however, been shown that warm acclimation occurs in smaller time intervals than cold acclimation. Cossins et al. (Cossins et al., 1977) reported that the behavior of C. auratus transferred from 5°C to 25°C was behaviorally indistinguishable from 25°C acclimated fish after 10-15 days, while an acclimation time of 40-50 days was required for full behavioral recovery when the animals were transferred from 25°C to 5°C. It is, therefore, possible that still longer acclimation periods may have resulted in differences between acclimated and unacclimated animals at 10°C and 18°C cold acclimation. Further evidence for incomplete acclimation may be that the 18°C 'acclimated' hearing thresholds (after lowering the temperature from 26°C) differed at two frequencies from the initial 18°C baseline but also from the 18°C 'warm acclimation' (after raising the temperature from 10°C) thresholds. This, however, has no influence on the general picture that higher temperatures resulted in lower hearing thresholds and that hearing thresholds may have also depended on whether the fish had time to acclimate to a particular water temperature or not.
Species differences in temperature-dependent hearing sensitivity
Contrary to our expectation that a eurythermic fish species confronted with a wide range of temperatures in its natural habitat would show more resistance to temperature changes in its sensory systems than a stenothermic animal, we found far less temperaturedependent differences in the tropical P. pictus than in the temperate I. punctatus. One factor to account for this difference is the wider range of temperatures we could use in I. punctatus. However, the maximum temperature difference in P. pictus was 8°C, which is exactly the same difference we used between the three different test and acclimation temperatures in I. punctatus and for which the latter species showed significant differences in hearing. Another argument may be that lower temperatures have a larger effect on the auditory system than higher temperatures and, as a consequence, the relatively 'high' temperatures at which P. pictus had to be tested did not have much influence on auditory processing mechanisms. Indeed, acclimation temperature has greater influence on tolerance to low rather than high temperatures (Currie et al., 1998) , and fish are able to gain heat tolerance more rapidly than cold tolerance (i.e. Davies, 1973) .
Different effects of temperature on hearing have also been found in different anuran species (Hubl et al., 1977; Mohneke and Schneider, 1979; Walkowiak, 1980) and even between genders within the same species (Hubl and Schneider, 1978) . These differences may be due to the relatively low temperature variability in tropical habitats as compared with temperate climate zones. Thus, it may be possible that tropical fish do not possess as elaborate and plastic adaptive mechanisms, including changes in gene expression and enzyme compositions, that temperate species require for survival. The small effects of temperature observed on audition may, therefore, be due to a direct effect of temperature on physical properties of auditory hair cells, such as stiffness or membrane attachment (Chen and Brownell, 1999) , whereas in temperate species temperature-induced changes in metabolism may be the more important factor in influencing sensory capacities. Further comparative studies are needed to investigate whether these differences between species can be observed in a more general pattern between eurythermal and stenothermal fish species. Furthermore, the audiogram of P. pictus indicates that its hearing may expand to higher frequencies than those tested in the current study. Because the only influence of temperature on hearing in this species was found at the highest frequency, there may be more temperature-dependent changes to observe at higher frequencies. This was, however, not possible with our current setup. Interestingly, the audiogram of P. pictus closely resembles the audiograms obtained by Ladich (Ladich, 1999) at 28°C and Amoser and Ladich (Amoser and Ladich, 2003) at 24°C for the same species despite differences in experimental setup (air versus underwater speaker, recording depth and type electrodes used) except for the 4 kHz thresholds which were lowest in the current study and highest in the Ladich (Ladich, 1999) study. These differences may be related to the different size groups of animals used, with P. pictus being smallest in the current study and largest in the Ladich (Ladich, 1999) study.
In summary, the current data demonstrate clearly that temperature can affect hearing in fish similar to other ectothermic animals: lower temperatures lead to an increase in hearing thresholds, whereas thresholds are more sensitive at higher temperatures. Also, acclimation influences hearing at a given temperature. However, not all species of fish may be sensitive to temperature-induced changes in hearing. Therefore, caution should be taken in all audiometric tests on fishes to also consider the testing and holding temperatures as a potential source of variability.
LIST OF ABBREVIATIONS
AEP
auditory evoked potential BAEP brainstem auditory evoked potential Hearing threshold values (dB) are means ± s.e.m. Acc, acclimated; unacc, unacclimated; unacc 22°C, unacclimated at 26°C after having been acclimated to 22°C; unacc 30°C, unacclimated at 26°C after having been acclimated to 30°C; Temp, water temperature.
